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Arctic Sea Ice 
Sea ice 
	  	  	  	  	  	  	  	  What	  is	  this?	  Well,	  sea	  ice	  is	  …	  
!   …	  saline	  ice	  made	  of	  sea	  water	  floa%ng	  on	  polar	  oceans	  	  
!   …	  covers	  between	  4	  million	  km²	  (September)	  and	  14	  million	  km²	  (March)	  
in	  the	  Arc%c	  
!   …	  is	  up	  to	  2	  meter	  (seasonal	  or	  so-­‐called	  first-­‐year	  sea	  ice)	  and	  between	  3	  
to	  5	  meters	  thick	  (mul%year	  ice)	  
!   …	  carries	  snow	  (10	  to	  50	  cm)	  
!   ...	  reflects	  sunlight	  
!   …	  insulates	  ocean	  against	  cold	  winter	  atmosphere	  
!   …	  modifies	  water	  masses	  during	  its	  forma%on	  and	  melt	  
!   …	  moves	  and	  deforms	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Arctic Sea Ice 
Sea ice moves and deforms 
!   Just	  half	  of	  the	  story	  is	  above	  the	  sea	  ice	  (blocks,	  voids,	  „hidden“	  ice	  mass)	  
!  Ridge	  structure	  can	  be	  different	  from	  keel	  structure	  
Kharitonov,	  2012,	  Cold	  
Reg.	  Sci.	  Technol.,	  82	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Arctic Sea Ice 
Which parameters to observe? 
200	  m	  
200	  m	   20	  m	  
1.5	  m	  
! Sea	  ice	  concentra%on	   	  à	  frac%on	  of	  known	  area	  covered	  with	  ice	  
! Sea	  ice	  thickness 	   	  à	  draX,	  freeboard,	  snow	  depth,	  density	  
! Sea	  ice	  mo%on 	   	  à	  displacement,	  deforma%on,	  roughness	  
! Sea	  ice	  type 	   	  à	  young,	  old,	  level,	  deformed	  ice	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Arctic Sea Ice 
Where do we observe changes? 
! Sea	  ice	  area	  and	  extent:	   	   	  Decrease	  
! Sea	  ice	  age	  &	  composi%on: 	  More	  younger	  than	  older	  ice	  
! Sea	  ice	  thickness:	   	   	  Decrease	  
! Sea	  ice	  volume:	   	   	   	  Decrease	  
! Sea	  ice	  driX	  speed:	   	   	  Accelera%on	  
! Melt	  season:	   	   	   	  Length	  increase	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Arctic Sea Ice 
Where do we observe changes? 
Arc%c	  sea	  ice	  area	  for	  1992-­‐2014	  à	  decreases	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Arctic Sea Ice 
Where do we observe changes? 
! Combined	  60-­‐year	  long	  sea	  ice	  extent	  data	  set	  
! Decrease	  in	  both	  winter	  (=March)	  and	  summer	  (=September)	  
! Decrease	  seems	  to	  accelerate	  in	  last	  2	  decades	  
Meier	  et	  al.,	  2012,	  
The	  Cryosphere,	  6	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Arctic Sea Ice 
Where do we observe changes? 
! Ice	  thickness	  measured	  from	  underneath	  by	  
submarines	  for	  20+	  years	  
! Combined	  record	  shows	  clear	  decrease	  in	  ice	  thickness	  
Kwok	  and	  Rothrock,	  2008,	  
Geophysical	  Research	  
LeCers,	  36	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Arctic Sea Ice 
Where do we observe changes? 
Maslanik	  et	  al.,	  2011,	  Geophysical	  Research	  LeCers,	  38	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!   	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Arctic Climate 
Overland	  et	  al.,	  2011,	  Polar	  Research,	  30	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Arctic Climate 
Direct	  (=	  in	  the	  Arc%c),	  proven	  
! Less	  &	  thinner	  sea	  ice	  /	  longer	  melt	  season	  
!   	  sea	  routes	  open	  
!   	  longer	  %me	  for	  off-­‐shore	  opera%ons	  	  
!   	  animals	  depending	  on	  sea	  ice	  presence	  on	  the	  run	  
Indirect	  (=	  mid-­‐la%tudes),	  under	  debate	  
!   Feedback	  to	  Siberian	  snow	  cover	  
!   Feedback	  on	  general	  tropospheric	  circula%on	  (slowing	  down	  of	  jet	  
stream)	  à	  heat-­‐	  and	  cold	  waves	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Arctic Climate 
Direct	  (=	  in	  the	  Arc%c),	  proven	  
! Less	  &	  thinner	  sea	  ice	  /	  longer	  melt	  season	  
!   	  sea	  routes	  open	  
!   	  longer	  %me	  for	  off-­‐shore	  opera%ons	  	  
!   	  hun%ng	  habits	  need	  to	  change	  
!   	  animals	  depending	  on	  sea	  ice	  presence	  on	  the	  run	  
Indirect	  (=	  mid-­‐la%tudes),	  under	  debate	  
!   Feedback	  to	  Siberian	  snow	  cover	  
!   Feedback	  on	  general	  tropospheric	  circula%on	  (slowing	  down	  of	  jet	  
stream)	  à	  heat-­‐	  and	  cold	  waves	  
Selected Implications - I 
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Arctic Climate 
Selected Implications - II 
Decrease	  in	  ice	  area	  &	  thickness	  	  
à 	  opens	  sea	  routes	  
à 	  increases	  %me	  for	  
shipping	  and	  off-­‐shore	  
ac%vi%es	  
	  
Predic%on	  of	  ice-­‐free	  months	  for	  
2030,	  2060	  &	  2090	  
	  
Rogers	  et	  al.,	  2013,	  
The	  Cryosphere,	  7	  
	  	  May	  	  	  June	  	  	  	  July	  	  	  	  Aug.	  	  	  	  Sep.	  	  	  	  Oct.	  	  	  	  Nov.	  	  	  Dec.	  	  	  	  Jan.	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Arctic Climate 
Selected Implications - III 
Less	  sea	  ice	  &	  
longer	  melt	  season	  
à 	  Longer	  %me	  for	  
waves	  to	  impact	  
coasts	  
à 	  More	  coastal	  
erosion	  
à 	  Par%cularly	  bad	  
for	  coasts	  with	  
high	  frac%on	  of	  
permafrost	   Barnhart	  et	  al.,	  2014,	  The	  Cryosphere,	  8	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Arctic Climate 
Selected Implications - IV 
More	  snow	  in	  Siberia	  in	  early	  winter	  is	  correlated	  
with	  less	  sea	  ice	  in	  the	  Chukchi	  and	  East	  Siberian	  
Sea	  in	  late	  fall	  
Ghatak	  et	  al.,	  2010,	  Journal	  
of	  Geophysical	  Research	  -­‐	  
Atmospheres,	  115	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Arctic Climate 
Selected Implications - V 
Future	  climate	  scenarios,	  
e.g.	  RCP4.5	  2006-­‐2050:	  









Yang	  and	  Christensen,	  2012,	  Geophysical	  Research	  LeCers,	  39	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Outline 
!   	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  sea	  ice	   	   	   	   	  	  
!   	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!   	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Arctic Navigation and  
Vessel construction/equipment 
Ship Routes in Arctic  Arctic Council, 2009	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Arctic Navigation and  
Vessel construction/equipment 
Types of Navigation According to Conditions 
and Environment 
 
•  Coastal	  naviga%on	  
•  Open	  sea	  naviga%on	  
•  Naviga%on	  in	  narrow	  channels	  
•  Naviga%on	  in	  traffic	  sepera%on	  
•  Arc$c	  	  naviga$on	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Arctic Navigation and  
Vessel construction/equipment 
Navigational Aids, Fixing Position 
 
•  Chart	  projec%ons	  
•  Chart	  coverage	  and	  datums	  
•  Compasses	  
•  Radar	  for	  posi%on	  fixing	  
•  Terrestrial	  naviga%onal	  aids	  
•  Bridge	  watches	  
•  Engine	  watches	  
•  Deck	  watches	  
•  Visual	  ice	  indica%on	  
•  Radar	  ice	  detec%on	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Arctic Navigation and  
Vessel construction/equipment 
First year ice in Pike Resor Channel: Electronic chart A; Ice hazard radar showing ice distinct 
from shoreline B; standard X band radar does not show ice clearly C; actual ice conditions D	  
Snider, D., ‘’Polar Ship Operations A practical Guide’’, The Nautical Institute, ISBN: 9781906915186, 2012. 
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Arctic Navigation and  
Vessel construction/equipment 
Passage Planning 





Snider, D., 2012 
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Arctic Navigation and  
Vessel construction/equipment 
•  	  Marine	  Communica$ons	  Traffic	  Monitoring	  in	  Arc$c	  
Vhf,	  mf,	  hf,	  	  inmarsat,	  AIS,	  VTS	  systems	  
•  Personnel	  and	  Mari$me	  Training/Educa$on	  
STCW	  and	  the	  IMO’s	  Guidelines	  for	  Ships	  Opera%ng	  in	  Arc%c	  Ice-­‐
covered	  Waters	  
•  	  Arc$c	  Marine	  Insurance	  
Protec%on	  &	  Indemnity	  Clubs	  (P	  &	  I	  Clubs)	  
•  Arc$c	  Icebrakers	  
Close	  escort	  of	  shipping	  in	  ice,	  maintenance	  of	  shipping	  tracks	  in	  ice-­‐
covered	  water	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Arctic Navigation and  
Vessel construction/equipment 
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Outline 
!   	  Arc%c	  sea	  ice	   	   	   	   	  	  
!   	  Arc%c	  Climate	  	  
!   	  Arc%c	  Naviga%on	  and	  Vessel	  construc%on/equipment	  
!   	  To	  take	  home	   ß	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To Take Home 
	  	  	  	  	  	  	  	  Arc%c	  sea	  ice	  
!   2-­‐5	  meters	  thick	  
! It	  moves	  &	  deforms	  
! Its	  volume	  decreases	  &	  it	  
tends	  to	  become	  faster	  
! Arc%c	  amplifica%on	  of	  global	  
warming	  enhances	  decrease	  
! Its	  decrease	  affects	  human	  
ac%vi%es	  &	  Arc%c	  
environment	  
! Its	  decrease	  poten%ally	  
affects	  /	  will	  affect	  mid-­‐
la%tude	  winter	  weather	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Thank You! 
Dr. Burcu Ozsoy-Cicek 
www.polarresearch.center	  
burcu@polarresearch.center	  
